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(54) SAMPLE DISCRIMINATING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To establish a method for automatically discriminating a control liquid at the time of measuring a 
control liquid and preventing error recognition on the side of a user, by computing a ratio between a measured current and its 
time differentiation and discriminating a sample with the computed ratio as an index. 

SOLUTION: The control liquids 1 arid 2 to be measured and blobd of a sample are supplied for the reaction layer and an 
electrode system of a test cell and are placed still for 25 seconds without impressing a potential. For 5 seconds after the 25 
seconds, a controlled potential of 50 V is impressed between a working electrode and a counter electrode to measure a current at 
intervals of 0. 1 second. The measured value of the current corresponds to the glucose concentration of the sample. In addition, 
the current is a transient-decay current associated with the passage of time from the impression of a potential. The difference 
obtained by subtracting a measured transient-decay current, for example, after 4 seconds from the value of a measured transient 
decay current after 4 seconds is taken as the time differentiation of the current after 4 seconds, and the value of a ratio with the 
time differentiation as a denominator and the current after 4 seconds as a numerator is taken as a discrimination index. It is 
possible to Discriminate three samples of the control liquids 1 and 2 and blood from the discrimination index. 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The method of the sample discrimination characterized by computing the ratio of the current 
which is the method used for the biosensor system which carries out a fixed quantity, and measured the 
analysis object concentration of a liquid sample by measuring current, and its time differential. 
[Claim 2] The method of the sample discrimination according to claim 1 characterized by carrying out 
multiple-times calculation of the ratio of the current which carried out [ aforementioned ] measurement, 
and its time differential. 

[Claim 3] It is the method of sample discrimination given in the feature and ******** 2 about computing 
two differences with the arbitrary ratio by which multiple-times calculation was carried out [ 
aforementioned]. 

[Claim 4] The method of the sample discrimination according to claim 1 characterized by displaying the 
result as compared with the predetermined comparison value beforehand memorized by the system in the 
ratio by which calculation was carried out [ aforementioned ]. 

[Claim 5] The method of the sample discrimination according to claim 2 characterized by displaying the 
result as compared with the predetermined comparison value beforehand memorized by the system in the 
ratio by which multiple-times calculation was carried out [ aforementioned ], respectively. 
[Claim 6] The method of the sample discrimination according to claim 3 characterized by displaying the 
result as compared with the predetermined comparison value beforehand memorized by the system in two 
differences with two or more arbitrary ratios by which calculation was carried out [ aforementioned ]. 
[Claim 7] The method of sample discrimination given in either of the claim's 1-6 whose aforementioned 
liquid samples are blood or control liquid. 

[Claim 8] The method of sample discrimination given in either of the claims 4-7 characterized by 
displaying the judgment result of a system check with control liquid. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the method for measuring the 
analysis object concentration contained in a liquid sample. It is related with the method for [ which carries 
out the fixed quantity of the concentration, such as a glucose and cholesterol for example by the 
amperometry ] being contained especially in body fluid, such as blood. 
[0002] 

[Description of the Prior Art] Conventionally, the biosensor is known as what carries out the fixed 
quantity of the analysis object concentration in living body samples, such as a liquid sample, especially 
blood, simple and quickly. 

[0003] A biosensor is one sort of the device for performing electrochemistry measurement. 
Electrochemistry measurement measures a chemical reaction as an electric signal, for example, current, 
voltage, and an amount of charges as the name. The weak point of electrochemistry measurement is in the 
lowness of the singularity, namely, the matter generated by the chemical reaction — electrochemistry » 
even if it is the measurable matter « the inside of a measurement sample ~ electrochemistry — an error 
will be produced shortly after another measurable matter exists In order to compensate the weak point of 
the lowness of the singularity of this electrochemical measurement, an analysis object and the living body 
functional matter which can react alternatively and specifically, for example, an enzyme etc., are used for 
a biosensor. A biosensor has the following two portions at least. One is the specified substance and a 
portion which reacts alternatively and specifically as the optional-feature section. For example, an enzyme 
and an antibody are equivalent to this. Another is a portion which changes the chemical reaction of the 
optional-feature section into an electric signal as the signal transformation section. It is mainly equivalent 
to an electrode, measurement of the analysis object using the biosensor ~ direct - various kinds, such as 
current, voltage, and the amount of charges, ~ an electric amount may become the measuring object The 
biosensor which makes current the measuring object also in this exists mostly. 
[0004] A biosensor system is used combining the device which gives potential or measures the current 
which is the signal of a biosensor, and the biosensor as a test cell to a biosensor. For example, if it is a 
biosensor system for carrying out the fixed quantity of the lactic-acid concentration in a blood sample The 
biosensor which makes a lactic acid and enzymes which react specifically, such as a lactic-acid oxidase 
(LOD) and a lactate dehydrogenase (LDH), the optional-feature section is made into a test cell. The timer 
function which clocks the time after the reaction of a blood sample, the aforementioned enzyme, etc. 
starts, The function to impress the potential defined after the defined time progress to a biosensor, The 
function which measures current after the time progress defined from the aforementioned potential 
impression start, The correlation of current and lactic-acid concentration, for example, the correlation 
which memorizes a calibration curve and by which storage was functioned and carried out [ 
aforementioned ], For example, it can build by using it combining the device which has the function which 
functions and displays the result which judges lactic-acid concentration, and which carried out [ 
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aforementioned ] the judgment on a display etc. from the current by which measurement was carried out [ 
aforementioned ] with the calibration curve. Such a biosensor system does not remain in the fixed 
quantity of the lactic-acid concentration in a blood sample, but various things are known. 
[0005] The biosensor system which measures the glucose concentration of a blood sample using an 
amperometry is indicated by the Europe patent application public presentation No. 0230472. In this 
system, the biosensor equipped with the measuring electrode, the reference electrode, and the counter 
electrode is used as a test cell. The aforementioned electrode is covered in the reagent layer containing 
the component of a glucose oxidase, potassium ferricyanide, and others. If a blood sample is contacted in 
a reagent layer and put in, the glucose in a sample will react with potassium ferricyanide through an 
operation of a glucose oxidase, and will form a potassium ferrocyanide. If voltage is impressed to an 
electrode after that, the current proportional to the concentration of the potassium ferrocyanide which 
reverse reaction produced and was produced at the first reaction will flow. The measured value of this 
current supposes that it corresponds to the concentration of the glucose in a sample. 
[0006] Generally in electrochemistry measurement, the technique of impressing potential in square wave 
to time, and measuring the current over it is known as a potential step method. It is the meaning of square 
wave potential impression" impressing the fixed potential which is in a moment substantially, and 
continuing impressing the account of back to front fixed potential to "time saying here. By such potential 
step method, the current and the transient-decay current which are decreased with the passage of time 
after impressing potential are observed. Since it is dependent on time, this transient-decay current can be 
expressed as a function of time, other ** -- this transient-decay current is dependent also on analysis 
object concentration Therefore, this transient-decay current can be expressed also as a function of 
analysis object concentration. The transient-decay current can be expressed as a function of time and 
analysis object concentration. Therefore, when the character of a sample, sample temperature, electrode 
area, impression potential, etc. are kept constant as a factor of others which affect the transient-decay 
current, the transient-decay current is set to I and t and analysis object concentration are set to C for 
time, it can express 1= (t, C). I (t, C) can express the transient-decay current measured to the same timing 
as a function of only analysis object concentration, if it expresses that I is the function of t and C, Time t 
can be kept constant and it will put in another way. It will be set to I(t= regularity, C) =1 (C) if expressed 
with a formula. This principle is used in the conventional biosensor system. It decides on the time of an 
amperometry beforehand and current and the nature concentration of an analysis object are associated 
using calibration-curve I (C) which shows the current at that time, and the correlation of analysis object 
concentration. At this time, an amperometry is only 1 time. [0007] The biosensor system which performs 
the amperometry of multiple times is indicated by the patent official report No. 2651278. In this 
invention, it is utilizing for detection of the information acquired by performing an amperometry two or 
more times of an unusual sample supply state. It is going to acquire information other than analysis object 
concentration from the relation between the current in not the size itself but different time of current. In 
other words, it is the attempt which is going to acquire information from function [ of time ] I (t) rather 
from Current I. In this system, the index of whether the system is working normally has been obtained by 
performing two continuous amperometries and comparing the ratio of both measurement current with the 
ratio of the inverse number of the square root of the time when the measurement was performed. This is 
based on the theoretical formula of I (t, C) in the potential step method under the conditions of having 
analysis object concentration distribution uniformity and no sample churning being proportional to the 
inverse number of the square root of time (t) in the state just before applying potential to the amount half 
infinity of samples, and an electrode. For example, when a blood sample is not wearing the whole front 
face of a detection electrode and a reaction zone hydrates before a test or during a test, A blood sample 
by leak arising with furthermore, the index obtained by comparing the ratio of the current acquired by 
two aforementioned measurement which carries out continuation with the ratio of the inverse number of 
the square root of the time when the measurement was performed when an error produced not only the 
electrode in a reaction zone but the exterior of a reaction zone in a wrap case at a reading Suppose that it 
can distinguish that the error has arisen. 
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[0008] The method using control liquid as other conventional technology for confirming whether the 
biosensor system is working normally is learned. Somewhat unlike invention of the patent official report 
No. 265 1278 indication, this technology aims at the check of whether the device [ in / a biosensor system 
/ in the purpose ] is mainly working normally. The method of the system check using control liquid is 
explained by making the biosensor system for carrying out the fixed quantity of the glucose concentration 
of a blood sample to below into an example. 

[0009] Control liquid is prepared by known glucose concentration and it is investigated beforehand 
whether a normal system carries out what response, for example, a glucose concentration display. 
Furthermore, in order to bring close to the character of a blood sample, there are also what adds a water 
soluble polymer and is increasing viscosity, and a thing to which coloring matter is added in control 
liquid. A system-usage person measures the aforementioned control liquid with the same means as the 
time of measuring a blood sample periodically if needed. And it judges whether a system response is 
normal. The judgment with a normal system response depends on comparing with an actual 
system-response value the normal range displayed on a container, an appending document, etc. of control 
liquid. For example, when a normal range measures the control liquid which is 70 - 120 mg/dL, if system 
response values are 80 mg/dL, 1 10 mg/dL, etc., it will judge with the system working normally, and if 
system response values are 50 mg/dL, 140 mg/dL, etc., it will judge with a system being unusual. Thus, it 
judges whether the biosensor system is working normally. 
[0010] 

[Problem(s) to be Solved by the Invention] By the check method of the biosensor system using control 
liquid, as mentioned above Since it is the same only by there being a display of the nature concentration 
of an analysis object as a system response even if it is the case where control liquid is measured for a 
system check, and it is measurement of usual samples, such as a blood sample There was a problem that it 
could not distinguish what the user used as a sample and whether it is the result of measuring usual 
samples, such as a blood sample, for whether it is the result of measuring control liquid if not recognized. 
For this reason, it is incorrect-recognized as it being the result of, for example, measuring control liquid, 
in spite of having been the result of measuring usual samples, such as a blood sample, or although a 
system is normal, judge with it being unusual, or Or it has been incorrect-recognized as it being the result 
of measuring usual samples, such as a blood sample, in spite of having been the result of judging with it 
being normal or measuring control liquid, although the system was unusual, and there was a possibility of 
drawing the diagnosis which was wrong in the doctor. It **** and was serious in the danger that the 
diagnosis mistaken by case like especially the latter based on mistaken blood test data will be drawn. 
[001 1] Moreover, in case it judged whether a system is normal, the measurement result of a normal range 
and control liquid displayed on the control liquid container, the appending document, etc. needed to be 
compared, and work was complicated. When a system check must be performed over ****, or when 
performing a system check using the control liquid of two or more concentration, if it was system check 
line trap ******, it was complicated at especially the case where there is nothing to many biosensor 
systems etc. 

[0012] When the purpose of this invention does not hang a burden on a user but measures control liquid, 
a system discriminates from it being not a usual sample but control liquid, such as a blood sample, 
automatically, and it displays this, and offers the method for building the biosensor system which can 
prevent the incorrect recognition by the side of a user. It is offering the method for building the biosensor 
system which can know the result of a system check with control liquid, without combining and being 
accompanied by complicated work. 
[0013] 

[Means for Solving the Problem] this invention is the method of computing the ratio of the current which 
is the method used for the biosensor system which carries out a fixed quantity, and measured the analysis 
object concentration of a liquid sample, and its time differential, and performing sample discrimination by 
making this into an index, by measuring current. The time differential of current which carried out [ 
aforementioned ] measurement may be the differential in the strict meaning obtained from the 
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measurement data which continues in analog, and it may be computed so that it may become a differential 
value from measurement data discontinuous in digital one substantially. For example, current can be 
measured at intervals of comparatively short time, and it can consider as time differential with both 
difference. That is, in the definition formula of time differential, and lim(deltat->0) 
={I(t+deltat)-I(t)}/deltat, since deltat must be infinitesimal, although it is impossible, from the current 
measured by interval deltat of comparatively short time, I hear that asking for strict time differential from 
discontinuous measurement can ask for time differential in approximation, and there is. Moreover, when 
deltat cannot be shortened so much in a certain reason, measurement of three or more points can be 
performed, the moving average of those differences can be taken, and it can ask for time differential in 
approximation. In this way, the ratio of the obtained time differential and current is taken and it considers 
as the index of sample discrimination. By request, the ratios of time differential and current may be 
differential/current, may be current/differential and may include a constant in these in four operations. 
There is no difference essential to them and how to choose the comparison value described later only 
differs. Time differential may be approximation-differential (deltal/deltat) even if it is strict differential 
(dl/dt). In case the index of sample discrimination is computed, even if the ratio of current and time 
differential is {I/(dI/dt)} or (I/(deltaI/deltat)} {(dl/dt )/I} or {(deltal/deltat )/I} is sufficient -- carrying 
out -- these ratios alpha, a, and b ~ as a certain constant ~ etc. (a **** b) etc. ~ ****** ~ it is good It 
is because how to take the comparison value which an essential difference does not have and is described 
later only differs although chosen as an index of sample discrimination of which [ above ]. 
[0014] As a method for obtaining other indexes for sample discrimination, multiple-times calculation of 
the ratio of the aforementioned current and its time differential can be carried out, and those differences 
can also be taken, the ratio of current and its time differential ~ carrying out n piece (n times) calculation 
of the alpha, the k-th [ the ] and the 1st can be set to alphak and alphal, and these differences can also be 
expressed as deltaalpha, then deltaalpha(k, 1) =alpha k-alpha 1 However, the parenthesis of deltaalpha (k, 
1) expresses that they are the k-th and the 1-th difference of alpha. Even if it does not interfere even if it 
changes a sign into obtaining the index of sample discrimination also in this case, and it is deltaalpha(k, 1) 
=alpha k-alpha 1, you may be deltaalpha(k, 1) =alphal -alphak. Moreover, a constant may be included in 
four operations and it is good also considering {c(deltaalpha)**d} as an index for sample discrimination 
considering c and d as a certain constant. It is because how to take the comparison value which an 
essential difference does not have and is described later only differs although chosen as an index of 
sample discrimination of which [ above ] . 

[0015] By comparing with a comparison value the index obtained by method which has so far been 
explained, it can discriminate from a sample. Since the aforementioned comparison value is a value 
calculated experimentally, in order to discriminate from a sample using this method, a sample must 
investigate in advance what index value is taken, as an index ~ the ratio of current and its time differential 
— what is necessary is just to choose alpha 0 as the comparison value as less than AalphaO sample and a 
threshold that BalphaO or more samples alpha value is observed, in case it discriminates from Sample A 
and Sample B noting that alpha is used Thus, if the decided comparison value is beforehand stored in a 
system, sample discrimination will be attained by comparison with the index value and comparison value 
which are observed at the time of actual measurement. If discrimination is possible, it is easy to display 
the result on the aforementioned system. 

[0016] When the liquid sample measured is based on blood or control liquid, after discriminating from it 
being control liquid using this method, the judgment result of a system check can also be displayed 
collectively. A judgment result may be indicated alternative formulas, such as O, x and O.K., and NG, and 
control High, 270 mg/dl-OK, etc. may display it concretely. 
[0017] 

[Embodiments of the Invention] 

[Example] Hereafter, a concrete example explains this invention in more detail. As an example of a 
biosensor system, the glucose sensor system which carries out the fixed quantity of the glucose 
concentration of a blood sample is explained. The glucose sensor which is the test cell of a glucose sensor 
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system used the thing of the following composition. On the insulating substrate which consists of a PET 
(polyethylene terephthalate), the electrode system (carbon) and electric insulation layer containing a lead 
(silver), an operation pole, and a counter electrode are formed of screen-stencil. The electric insulation 
layer set constant the area for an outcrop of an operation pole and a counter electrode, and has covered 
the lead partially. Thus, on the formed electrode section, the carboxymethyl-cellulose (CMC) layer which 
is a hydrophilic macromolecule is formed. Furthermore, on this CMC layer, the enzyme and mediator 
layer which consist of potassium ferricyanide as the glucose oxidase (GOD) and electron carrier 
(mediator) as an enzyme are formed. (A CMC layer, an enzyme, and a mediator layer are combined 
below, and a reaction layer is called.) The insertion which consists of covering and a spacer is formed 
further, and if a sample touches to an insertion, the sample of about 3microL will be supplied to a 
reaction layer and an electrode system by capillarity as a constant rate. On the other hand, as measuring 
equipment, a general-purpose potentiostat and BAS100 BAV (product made from BAS) were used. If it 
is the usual biosensor system, although the device of it exclusive use will be put together and used for one 
test cell, the general-purpose device is used in this example. However, even if it is a simple device using 
known technology, reappearance implementation of this example is easy. 

[0018] Control liquid 1, control liquid 2, and blood were used for the measurement sample. Control 
liquid 1 is a benzoic acid and the solution by which red No. 2 and the glucose were added as coloring 
matter as antiseptics. Two kinds, 97 mg/dl and 325 mg/dl, were used for glucose concentration. The 
character of control liquid 1 was close to water, and was comparatively low. [ of viscosity ] Control 
liquid 2 is solution of a polyvinyl pyrrolidone (PVP) and a glucose which is a water soluble polymer. Two 
kinds, 83 mg/dl and 256 mg/dl, were used for glucose concentration. The character of control liquid 2 
had comparatively high viscosity. Six kinds from which corpuscle constituent concentration and glucose 
concentration differ were used for blood. Corpuscle constituent concentration (hematocrit shows.) and 
glucose concentration were (30%, 102 mg/dl), (44%, 101 mg/dl), (58%, 103 mg/dl), (28%, 268 mg/dl), 
(45%, 263 mg/dl), and (62%, 266 mg/dl). Moreover, the heparin sodium was added as an anticoagulant. 
These samples were supplied to the reaction layer and electrode system of a test cell, and it put, without 
impressing potential for 25 seconds. In the meantime, the glucose in a sample reacts with the potassium 
ferricyanide of a reaction layer through an operation of a glucose oxidase, and generates a potassium 
ferrocyanide. And for 5 seconds after after 25 seconds, between the operation pole and the counter 
electrode, the fixed potential of 500mV was impressed in square wave to time, and current was measured 
at intervals of 0. 1 seconds. The current observed at this time is based on the reverse reaction of 
potassium ferricyanide from a potassium ferrocyanide. Since this current is proportional to the 
concentration of the potassium ferrocyanide produced at the first reaction, the measured value of this 
current is equivalent to the glucose concentration of a sample. Moreover, this current is the 
transient-decay current decreased with the time progress from potential impression. The relation between 
time and impression potential is shown in drawing 1 . Moreover, the transient-decay current at the time of 
measuring what is glucose concentration 97 mg/dl of control liquid 1 to drawing 2 is illustrated. The time 
basis of a horizontal axis is a second and makes 0 second the moment that potential is impressed. 
[0019] (Operation 1) The operation value for sample discrimination is acquired by the method shown 
below. In addition, although the time from voltage impression uses the current of 4 seconds after in this 
example, the current of the time which was not limited to this and was suitable for sample discrimination 
can be used. First, the difference which reduced the current 4. 1 seconds after the value 4 seconds after 
the measured transient-decay current was taken, and it considered as the time differential of after [ 4 
seconds ] current. This is replaced with infinitesimal deltat in the definition formula of time differential, 
and lim(deltat->0) ={I(t+deltat)-I(t)} /deltat, takes deltat= 0.1 seconds, and is equivalent to what replaced 
the sign. In this way, the value of the ratio which used a denominator and after [ 4 seconds ] current as 
the molecule for the obtained time differential was taken, and this was made into the discrimination index 
alpha 4. It is shown that 4 of the suffix of alpha 4 is the index obtained from after [ 4 seconds ] current. 
The value of the index alpha 4 in each sample is shown in Table 1 . In addition, the data of control liquid 1 
and control liquid 2 are as a result of a measurement size 30, respectively, and the data of blood are as a 
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result of a measurement size 90. alpha4 value according to sample is shown in Table 1. 
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It can discriminate from both by using a small thing as blood, being able to use as control liquid 1 what 
shows alpha4 larger value than the comparison value 1 10 if 1 10 is chosen from Table 1 as a comparison 
value since the minimum value of control liquid 1 is larger than the maximum of blood for example. 
Similarly, it can discriminate also from control liquid 1 and control liquid 2. However, in control liquid 2 
and blood, since the maximum of control liquid 2 is larger than the minimum value of blood, 
discrimination is impossible. 

[0020] (Operation 2) the ratio of the current acquired next like an operation 1, and its time differential — 
it asks for two or more alphat (mind of alpha obtained from after [ t seconds ] current), and the case 
where those differences are made into the index value for sample discrimination is explained alpha0.5 and 
alpha 2 are calculated about 0.5 seconds and 2 seconds. If expressed with a formula, it will be 
alphaO. 5=10. 5/(10. 5-10. 6), respectively. 

It can express alpha2=I2/(I2-I2. 1). It asks for these, next these differences are taken. In this example, the 
difference which reduced alpha 2 to alpha 0.5 was taken. If the operation in this example is expressed 
with a formula expressing the difference of alphat 1 for alphat2 for 1 2 seconds, and 1 1 second like 
deltaalpha (tl, t2), it will become deltaalpha(0. 5 2) =alpha2-alpha0.5={I2/(I2-I2.1)}-{I0.5/(I0.5-I0.6)}. 
The value of deltaalpha (0. 5 2) in each sample is shown in Table 2. In addition, the data made into the 
basis are the same as that of what was used for the operation 1, the data of control liquid 2 are as a result 
of a measurement size 30, and the data of blood are as a result of a measurement size 90. 
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It can discriminate from both by using a large thing as blood, being able to use as control liquid 2 what 
shows deltaalpha (0. 5 2) value smaller than the comparison value 30 if 30 is chosen from Table 2 as a 
comparison value since the maximum of control liquid 2 is smaller than the minimum value of blood for 
example. 

[0021] It becomes possible from the above result to discriminate from three samples of control liquid 1, 
control liquid 2, and blood. That is, with [ the value of deltaalpha (0. 5 2) ] 30 [ less than ], in this 
example, it judges with it being control liquid 2, with 30 [ or more ], it judges with their being blood or 
control 1, and with [ further with / the value of alpha 4/110/ less than / in blood ] 1 10 [ or more ], it can 
judge with it being control liquid 1. By this, it is able to discriminate from three samples of control liquid 
1, control liquid 2, and blood. 

[0022] Since sample discrimination is attained by method which has so far been described, it is easy to 
build the biosensor system which can display a discrimination result. Moreover, as a result of the system 
check using control liquid, since it can discriminate from a display that the sample measured by this 
method is control liquid, if the normal-range current value of control liquid is beforehand stored in a 
system, it will also become possible to display the result of the amperometry for investigating 
concentration, and the result which compared the normal-range current value. 
[0023] 

[Effect of the Invention] By using the method of this invention, when a burden is not hung on a user but 
control liquid is measured, it can discriminate from devices being not a usual sample but control liquid, 
such as a blood sample, automatically, and this can be displayed, and the biosensor system which can 
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prevent the incorrect recognition by the side of a user can be built. It combines, and the biosensor system 
which can know the result of a system check with control liquid can be built, without being accompanied 
by complicated work. 
[0024] 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

I. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the method for measuring the 
analysis object concentration contained in a liquid sample. It is related with the method for [ which carries 
out the fixed quantity of the concentration, such as a glucose and cholesterol for example by the 
amperometry ] being contained especially in body fluid, such as blood. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Conventionally, the biosensor is known as what carries out the fixed 
quantity of the analysis object concentration in living body samples, such as a liquid sample, especially 
blood, simple and quickly. 

[0003] A biosensor is one sort of the device for performing electrochemistry measurement. 
Electrochemistry measurement measures a chemical reaction as an electric signal, for example, current, 
voltage, and an amount of charges as the name. The weak point of electrochemistry measurement is in the 
lowness of the singularity, namely, the matter generated by the chemical reaction - electrochemistry ~ 
even if it is the measurable matter — the inside of a measurement sample - electrochemistry — an error 
will be produced shortly after another measurable matter exists In order to compensate the weak point of 
the lowness of the singularity of this electrochemical measurement, an analysis object and the living body 
functional matter which can react alternatively and specifically, for example, an enzyme etc., are used for 
a biosensor. A biosensor has the following two portions at least. One is the specified substance and a 
portion which reacts alternatively and specifically as the optional-feature section. For example, an enzyme 
and an antibody are equivalent to this. Another is a portion which changes the chemical reaction of the 
optional-feature section into an electric signal as the signal transformation section. It is mainly equivalent 
to an electrode, measurement of the analysis object using the biosensor — direct — various kinds, such as 
current, voltage, and the amount of charges, - an electric amount may become the measuring object The 
biosensor which makes current the measuring object also in this exists mostly. 
[0004] A biosensor system is used combining the device which gives potential or measures the current 
which is the signal of a biosensor, and the biosensor as a test cell to a biosensor. For example, the 
lactic-acid oxidase which will react specifically with a lactic acid if it is a biosensor system for carrying 
out the fixed quantity of the lactic-acid concentration in a blood sample (LOD), The biosensor which 
makes enzymes, such as a lactate dehydrogenase (LDH), the optional-feature section is made into a test 
cell. The timer function which clocks the time after the reaction of a blood sample, the aforementioned 
enzyme, etc. starts, The function to impress the potential defined after the defined time progress to a 
biosensor, The function which measures current after the time progress defined from the aforementioned 
potential impression start, The correlation of current and lactic-acid concentration, for example, the 
correlation which memorizes a calibration curve and by which storage was functioned and carried out [ 
aforementioned ], For example, it can build by using it combining the device which has the function which 
functions and displays the result which judges lactic-acid concentration, and which carried out [ 
aforementioned ] the judgment on a display etc. from the current by which measurement was carried out [ 
aforementioned ] with the calibration curve. Such a biosensor system does not remain in the fixed 
quantity of the lactic-acid concentration in a blood sample, but various things are known. 
[0005] The biosensor system which measures the glucose concentration of a blood sample using an 
amperometry is indicated by the Europe patent application public presentation No. 0230472. In this 
system, the biosensor equipped with the measuring electrode, the reference electrode, and the counter 
electrode is used as a test cell. The aforementioned electrode is covered in the reagent layer containing 
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the component of a glucose oxidase, potassium ferricyanide, and others. If a blood sample is contacted in 
a reagent layer and put in, the glucose in a sample will react with potassium ferricyanide through an 
operation of a glucose oxidase, and will form a potassium ferrocyanide. If voltage is impressed to an 
electrode after that, the current proportional to the concentration of the potassium ferrocyanide which 
reverse reaction produced and was produced at the first reaction will flow. The measured value of this 
current supposes that it corresponds to the concentration of the glucose in a sample. 
[0006] Generally in electrochemistry measurement, the technique of impressing potential in square wave 
to time, and measuring the current over it is known as a potential step method. It is the meaning of square 
wave potential impression" impressing the fixed potential which is in a moment substantially, and 
continuing impressing the account of back to front fixed potential to "time saying here. By such potential 
step method, the current and the transient-decay current which are decreased with the passage of time 
after impressing potential are observed. Since it is dependent on time, this transient-decay current can be 
expressed as a function of time, other ** — this transient-decay current is dependent also on analysis 
object concentration Therefore, this transient-decay current can be expressed also as a function of 
analysis object concentration. The transient-decay current can be expressed as a function of time and 
analysis object concentration. Therefore, when the character of a sample, sample temperature, electrode 
area, impression potential, etc. are kept constant as a factor of others which affect the transient-decay 
current, the transient-decay current is set to I and t and analysis object concentration are set to C for 
time, it can express 1= (t, C). I (t, C) can express the transient-decay current measured to the same timing 
as a function of only analysis object concentration, if it expresses that I is the function of t and C, Time t 
can be kept constant and it will put in another way. It will be set to I(t= regularity, C) =1 (C) if expressed 
with a formula. This principle is used in the conventional biosensor system. It decides on the time of an 
amperometry beforehand and current and the nature concentration of an analysis object are associated 
using calibration-curve I (C) which shows the current at that time, and the correlation of analysis object 
concentration. At this time, an amperometry is only 1 time. 

[0007] The biosensor system which performs the amperometry of multiple times is indicated by the patent 
official report No. 2651278. In this invention, it is utilizing for detection of the information acquired by 
performing an amperometry two or more times of an unusual sample supply state. It is going to acquire 
information other than analysis object concentration from the relation between the current in not the size 
itself but different time of current. In other words, it is the attempt which is going to acquire information 
from function [ of time ] I (t) rather from Current I. In this system, the index of whether the system is 
working normally has been obtained by performing two continuous amperometries and comparing the 
ratio of both measurement current with the ratio of the inverse number of the square root of the time 
when the measurement was performed. This is based on the theoretical formula of I (t, C) in the potential 
step method under the conditions of having analysis object concentration distribution uniformity and no 
sample churning being proportional to the inverse number of the square root of time (t) in the state just 
before applying potential to the amount half infinity of samples, and an electrode. For example, when a 
blood sample is not wearing the whole front face of a detection electrode and a reaction zone hydrates 
before a test or during a test, Furthermore, the index by which the blood sample was obtained by leak 
arising by comparing the ratio of the current acquired by two aforementioned measurement which carries 
out continuation when an error produced not only the electrode in a reaction zone but the exterior of a 
reaction zone in a wrap case at a reading with the ratio of the inverse number of the square root of the 
time when the measurement was performed. Suppose that it can distinguish that the error has arisen. 
[0008] The method using control liquid as other conventional technology for confirming whether the 
biosensor system is working normally is learned. Somewhat unlike invention of the patent official report 
No. 2651278 indication, this technology aims at the check of whether the device [ in / a biosensor system 
/ in the purpose ] is mainly working normally. The method of the system check using control liquid is 
explained by making the biosensor system for carrying out the fixed quantity of the glucose concentration 
of a blood sample to below into an example. 

[0009] Control liquid is prepared by known glucose concentration and it is investigated beforehand 
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whether a normal system carries out what response, for example, a glucose concentration display. 
Furthermore, in order to bring close to the character of a blood sample, there are also what adds a water 
soluble polymer and is increasing viscosity, and a thing to which coloring matter is added in control 
liquid. A system-usage person measures the aforementioned control liquid with the same means as the 
time of measuring a blood sample periodically if needed. And it judges whether a system response is 
normal. The judgment with a normal system response depends on comparing with an actual 
system-response value the normal range displayed on a container, an appending document, etc. of control 
liquid. For example, when a normal range measures the control liquid which is 70 - 120 mg/dL, if system 
response values are 80 mg/dL, 110 mg/dL, etc., it will judge with the system working normally, and if 
system response values are 50 mg/dL, 140 mg/dL, etc., it will judge with a system being unusual. Thus, it 
judges whether the biosensor system is working normally. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] By using the method of this invention, when a burden is not hung on a user but 
control liquid is measured, it can discriminate from devices being not a usual sample but control liquid, 
such as a blood sample, automatically, and this can be displayed, and the biosensor system which can 
prevent the incorrect recognition by the side of a user can be built. It combines, and the biosensor system 
which can know the result of a system check with control liquid can be built, without being accompanied 
by complicated work. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the check method of the biosensor system using control 
liquid, as mentioned above Since it is the same only by there being a display of the nature concentration 
of an analysis object as a system response even if it is the case where control liquid is measured for a 
system check, and it is measurement of usual samples, such as a blood sample There was a problem that it 
could not distinguish what the user used as a sample and whether it is the result of measuring usual 
samples, such as a blood sample, for whether it is the result of measuring control liquid if not recognized. 
For this reason, it is incorrect-recognized as it being the result of, for example, measuring control liquid, 
in spite of having been the result of measuring usual samples, such as a blood sample, or although a 
system is normal, judge with it being unusual, or Or it has been incorrect-recognized as it being the result 
of measuring usual samples, such as a blood sample, in spite of having been the result of judging with it 
being normal or measuring control liquid, although the system was unusual, and there was a possibility of 
drawing the diagnosis which was wrong in the doctor. It **** and was serious in the danger that the 
diagnosis mistaken by case like especially the latter based on mistaken blood test data will be drawn. 
[001 1] Moreover, in case it judged whether a system is normal, the measurement result of a normal range 
and control liquid displayed on the control liquid container, the appending document, etc. needed to be 
compared, and work was complicated. When a system check must be performed over ****, or when 
performing a system check using the control liquid of two or more concentration, if it was system check 
line trap ******, it was complicated at especially the case where there is nothing to many biosensor 
systems etc. 

[0012] When the purpose of this invention does not hang a burden on a user but measures control liquid, 
a system discriminates from it being not a usual sample but control liquid, such as a blood sample, 
automatically, and it displays this, and offers the method for building the biosensor system which can 
prevent the incorrect recognition by the side of a user. It is offering the method for building the biosensor 
system which can know the result of a system check with control liquid, without combining and being 
accompanied by complicated work. 
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MEANS 



[Means for Solving the Problem] this invention is the method of computing the ratio of the current which 
is the method used for the biosensor system which carries out a fixed quantity, and measured the analysis 
object concentration of a liquid sample, and its time differential, and performing sample discrimination by 
making this into an index, by measuring current. The time differential of current which carried out [ 
aforementioned ] measurement may be the differential in the strict meaning obtained from the 
measurement data which continues in analog, and it may be computed so that it may become a differential 
value from measurement data discontinuous in digital one substantially. For example, current can be 
measured at intervals of comparatively short time, and it can consider as time differential with both 
difference. That is, in the definition formula of time differential, and lim(deltat->0) 
=={I(t+deltat)-I(t)}/deltat, since deltat must be infinitesimal, although it is impossible, from the current 
measured by interval deltat of comparatively short time, I hear that asking for strict time differential from 
discontinuous measurement can ask for time differential in approximation, and there is. Moreover, when 
deltat cannot be shortened so much in a certain reason, measurement of three or more points can be 
performed, the moving average of those differences can be taken, and it can ask for time differential in 
approximation. In this way, the ratio of the obtained time differential and current is taken and it considers 
as the index of sample discrimination. By request, the ratios of time differential and current may be 
differential/current, may be current/differential and may include a constant in these in four operations. 
There is no difference essential to them and how to choose the comparison value described later only 
differs. Time differential may be approximation-differential (deltal/deltat) even if it is strict differential 
(dl/dt). In case the index of sample discrimination is computed, even if the ratio of current and time 
differential is (I/(dI/dt)} or {I/(deltaI/deltat)} {(dl/dt )/I} or {(deltal/deltat )/!} is sufficient - carrying 
out -- these ratios alpha, a, and b — as a certain constant — etc. (a **** b) etc. — ******-- it is good It 
is because how to take the comparison value which an essential difference does not have and is described 
later only differs although chosen as an index of sample discrimination of which [ above ]. 
[0014] As a method for obtaining other indexes for sample discrimination, multiple-times calculation of 
the ratio of the aforementioned current and its time differential can be carried out, and those differences 
can also be taken, the ratio of current and its time differential ~ carrying out n piece (n times) calculation 
of the alpha, the k-th [ the ] and the 1st can be set to alphak and alpha 1, and these differences can also be 
expressed as deltaalpha, then deltaalpha(k, 1) =alpha k-alpha 1 However, the parenthesis of deltaalpha (k, 
1) expresses that they are the k-th and the 1-th difference of alpha. Even if it does not interfere even if it 
changes a sign into obtaining the index of sample discrimination also in this case, and it is deltaalpha(k, 1) 
=alpha k-alpha 1, you may be deltaalpha(k, 1) =alphal -alphak. Moreover, a constant may be included in 
four operations and it is good also considering {c(deltaalpha)**d} as an index for sample discrimination 
considering c and d as a certain constant. It is because how to take the comparison value which an 
essential difference does not have and is described later only differs although chosen as an index of 
sample discrimination of which [ above ]. 

[0015] By comparing with a comparison value the index obtained by method which has so far been 
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explained, it can discriminate from a sample. Since the aforementioned comparison value is a value 
calculated experimentally, in order to discriminate from a sample using this method, a sample must 
investigate in advance what index value is taken, as an index — the ratio of current and its time differential 
— what is necessary is just to choose alpha 0 as the comparison value as less than AalphaO sample and a 
threshold that BalphaO or more samples alpha value is observed, in case it discriminates from Sample A 
and Sample B noting that alpha is used Thus, if the decided comparison value is beforehand stored in a 
system, sample discrimination will be attained by comparison with the index value and comparison value 
which are observed at the time of actual measurement. If discrimination is possible, it is easy to display 
the result on the aforementioned system. 

[0016] When the liquid sample measured is based on blood or control liquid, after discriminating from it 
being control liquid using this method, the judgment result of a system check can also be displayed 
collectively. A judgment result may be indicated alternative formulas, such as O, x and O.K., and NG, and 
control High, 270 mg/dl-OK, etc. may display it concretely. 
[0017] 

[Embodiments of the Invention] 
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EXAMPLE 



[Example] Hereafter, a concrete example explains this invention in more detail. As an example of a 
biosensor system, the glucose sensor system which carries out the fixed quantity of the glucose 
concentration of a blood sample is explained. The glucose sensor which is the test cell of a glucose sensor 
system used the thing of the following composition. On the insulating substrate which consists of a PET 
(polyethylene terephthalate), the electrode system (carbori)-and electric insulation layer containing a lead 
(silver), an operation pole, and a counter electrode are formed of screen-stencil. The electric insulation 
layer set constant the area for an outcrop of an operation pole and a counter electrode, and has covered 
the lead partially. Thus, on the formed electrode section, the carboxymethyl-cellulose (CMC) layer which 
is a hydrophilic macromolecule is formed. Furthermore, on this CMC layer, the enzyme and mediator 
layer which consist of potassium ferricyanide as the glucose oxidase (GOD) and electron carrier 
(mediator) as an enzyme are formed. (A CMC layer, an enzyme, and a mediator layer are combined 
below, and a reaction layer is called.) The insertion which consists of covering and a spacer is formed 
further, and if a sample touches to an insertion, the sample of about 3microL will be supplied to a 
reaction layer and an electrode system by capillarity as a constant rate. On the other hand, as measuring 
equipment, a general-purpose potentiostat and BAS100 B/W (product made from BAS) were used. If it 
is the usual biosensor system, although the device of it exclusive use will be put together and used for one 
test cell, the general-purpose device is used in this example. However, even if it is a simple device using 
known technology, reappearance implementation of this example is easy. 

[0018] Control liquid 1, control liquid 2, and blood were used for the measurement sample. Control 
liquid 1 is a benzoic acid and the solution by which red No. 2 and the glucose were added as coloring 
matter as antiseptics. Two kinds, 97 mg/dl and 325 mg/dl, were used for glucose concentration. The 
character of control liquid 1 was close to water, and was comparatively low. [ of viscosity ] Control 
liquid 2 is solution of a polyvinyl pyrrolidone (PVP) and a glucose which is a water soluble polymer. Two 
kinds, 83 mg/dl and 256 mg/dl, were used for glucose concentration. The character of control liquid 2 
had comparatively high viscosity. Six kinds from which corpuscle constituent concentration and glucose 
concentration differ were used for blood. Corpuscle constituent concentration (hematocrit shows.) and 
glucose concentration were (30%, 102 mg/dl), (44%, 101 mg/dl), (58%, 103 mg/dl), (28%, 268 mg/dl), 
(45%, 263 mg/dl), and (62%, 266 mg/dl). Moreover, the heparin sodium was added as an anticoagulant. 
These samples were supplied to the reaction layer and electrode system of a test cell, and it put, without 
impressing potential for 25 seconds. In the meantime, the glucose in a sample reacts with the potassium 
ferricyanide of a reaction layer through an operation of a glucose oxidase, and generates a potassium 
ferrocyanide. And for 5 seconds after after 25 seconds, between the operation pole and the counter 
electrode, the fixed potential of 500mV was impressed in square wave to time, and current was measured 
at intervals of 0. 1 seconds. The current observed at this time is based on the reverse reaction of 
potassium ferricyanide from a potassium ferrocyanide. Since this current is proportional to the 
concentration of the potassium ferrocyanide produced at the first reaction, the measured value of this 
current is equivalent to the glucose concentration of a sample. Moreover, this current is the 
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transient-decay current decreased with the time progress from potential impression. The relation between 
time and impression potential is shown in drawing 1 . Moreover, the transient-decay current at the time of 
measuring what is glucose concentration 97 mg/dl of control liquid 1 to drawing 2 is illustrated. The time 
basis of a horizontal axis is a second and makes 0 second the moment that potential is impressed. 
[0019] (Operation 1) The operation value for sample discrimination is acquired by the method shown 
below. In addition, although the time from voltage impression uses the current of 4 seconds after in this 
example, the current of the time which was not limited to this and was suitable for sample discrimination 
can be used. First, the difference which reduced the current 4. 1 seconds after the value 4 seconds after 
the measured transient-decay current was taken, and it considered as the time differential of after [ 4 
seconds ] current. This is replaced with infinitesimal deltat in the definition formula of time differential, 
and lim(deltat->0) ={I(t+deltat)-I(t)} /deltat, takes deltat^ 0.1 seconds, and is equivalent to what replaced 
the sign. In this way, the value of the ratio which used a denominator and after [ 4 seconds ] current as 
the molecule for the obtained time differential was taken, and this was made into the discrimination index 
alpha 4. It is shown that 4 of the suffix of alpha 4 is the index obtained from after [ 4 seconds ] current. 
The value of the index alpha 4 in each sample is shown in Table 1. In addition, the data of control liquid 1 
and control liquid 2 are as a result of a measurement size 30, respectively, and the data of blood are as a 
result of a measurement size 90. alpha4 value according to sample is shown in Table 1. 
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It can discriminate from both by using a small thing as blood, being able to use as control liquid 1 what 
shows alpha4 larger value than the comparison value 1 10 if 1 10 is chosen from Table 1 as a comparison 
value since the minimum value of control liquid 1 is larger than the maximum of blood for example. 
Similarly, it can discriminate also from control liquid 1 and control liquid 2. However, in control liquid 2 
and blood, since the maximum of control liquid 2 is larger than the minimum value of blood, 
discrimination is impossible. 

[0020] (Operation 2) the ratio of the current acquired next like an operation 1, and its time differential — 
it asks for two or more alphat (mind of alpha obtained from after [ t seconds ] current), and the case 
where those differences are made into the index value for sample discrimination is explained alphaO.5 and 
alpha 2 are calculated about 0.5 seconds and 2 seconds. If expressed with a formula, it will be 
alpha0.5=I0.5/(I0.5-I0.6), respectively. 

It can express alpha2=I2/(I2-I2.1). It asks for these, next these differences are taken. In this example, the 
difference which reduced alpha 2 to alpha 0.5 was taken. If the operation in this example is expressed 
with a formula expressing the difference of alphat 1 for alphat2 for t 2 seconds, and t 1 second like 
deltaalpha (tl, t2), it will become deltaalpha(0. 5 2) =alpha2-alpha0.5={I2/(I2-I2.1)}-{I0.5/(I0.5-I0.6)}. 
The value of deltaalpha (0. 5 2) in each sample is shown in Table 2. In addition, the data made into the 
basis are the same as that of what was used for the operation 1, the data of control liquid 2 are as a result 
of a measurement size 30, and the data of blood are as a result of a measurement size 90. 
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It can discriminate from both by using a large thing as blood, being able to use as control liquid 2 what 
shows deltaalpha (0. 5 2) value smaller than the comparison value 30 if 30 is chosen from Table 2 as a 
comparison value since the maximum of control liquid 2 is smaller than the minimum value of blood for 
example. 
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[0021] It becomes possible from the above result to discriminate from three samples of control liquid 1, 
control liquid 2, and blood. That is, with [ the value of deltaalpha (0. 5 2) ] 30 [ less than ], in this 
example, it judges with it being control liquid 2, with 30 [ or more ], it judges with their being blood or 
control 1, and with [ further with / the value of alpha 4 / 1 10 / less than / in blood ] 1 10 [ or more ], it can 
judge with it being control liquid 1 . By this, it is able to discriminate from three samples of control liquid 
1, control liquid 2, and blood. 

[0022] Since sample discrimination is attained by method which has so far been described, it is easy to 
build the biosensor system which can display a discrimination result. Moreover, as a result of the system 
check using control liquid, since it can discriminate from a display that the sample measured by this 
method is control liquid, if the normal-range current value of control liquid is beforehand stored in a 
system, it will also become possible to display the result of the amperometry for investigating 
concentration, and the result which compared the normal-range current value. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The relation between time and impression potential is expressed. 

[Drawing 2] The transient-decay current at the time of measuring what is glucose concentration 97 mg/dl 
is shown. 
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DRAWINGS 



[Drawing 1] 
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